Objectives: Atrial fibrillation (AF) is an important risk factor for stroke. The primary purpose of this study was to determine the resource use for patients admitted to hospital with acute stroke and to calculate stroke-related direct costs, stratifying the results according to the presence of AF as a risk factor. Methods: Data from 558 consecutive patients hospitalized with confirmed acute stroke between August 2000 and July 2001 were analyzed as part of the Berlin Acute Stroke Study. Sociodemographic variables were assessed by direct interview, while hospital data were derived from patient medical records. Patients or their carers completed a follow-up questionnaire about resource utilization and absenteeism from work during the 12-month period after hospital admission. Results: Out of the 367 patients with follow-up data and ECG findings, 71 (19%) had AF. Patients with AF were gen-erally older, more likely to be female, and had more severe strokes compared with those without AF. Mean direct costs per patient were significantly higher in those with AF-related strokes (€11,799 vs €8817 for non-AF-related strokes; P < 0.001). After adjustment for confounding factors, direct costs were comparable in the two groups, except for acute hospitalization costs, which remained significantly higher in the group with AF (P < 0.05). Conclusion: Medical care for stroke patients with AF is associated with higher costs compared with those without AF; this is explained mainly by confounding factors and driven essentially by a significant difference in acute hospitalization costs.
Introduction
Stroke is a debilitating and potentially fatal disease with a significant long-term economic and social burden. In the United States alone, for example, the annual cost of stroke has been estimated at $53.6 billion [1] . A major share of strokes are cardioembolic, and the presence of atrial fibrillation (AF) is a strong risk factor in this regard [2] . Indeed, this common cardiac arrhythmia, which has an estimated agedependent prevalence of 1% to 9%, is responsible for approximately 15% of all strokes [3] . Such events also tend to be of greater severity and associated with increased risk of poorer neurological outcomes, medical complications, and death than in patients with non-AF-related strokes [4, 5] . To the best of our knowledge, however, there are no studies that have examined whether the presence of AF impacts on costs among patients with stroke [6] . If an impact on costs is present and it is neglected, economic evaluations will underestimate the cost-effectiveness of future anticoagulation treatment resulting in a reduced risk of stroke.
Therefore, the primary aim of the present study was to determine the short-and long-term medical resource use for patients admitted to hospital with acute stroke and to calculate stroke-related direct costs, stratifying the results according to the presence of AF as a risk factor. In addition, labor-force-related indirect costs were assessed.
Methods
This study used data from the Berlin Acute Stroke Study, an ongoing study of consecutive patients admitted to four German hospitals for treatment of acute stroke over a 1-year period (August 1, 2000 to July 31, 2001). Details of the study have been reported elsewhere [7] . Briefly, the study was conducted at four hospitals in the city of Berlin (population approximately 420,000), including two university hospitals and two general community hospitals, all with primary responsibility for the treatment of patients with acute stroke in their geographic areas. A total of 1094 patients with stroke symptoms were admitted to the respective emergency departments. Patients were eligible for inclusion if they were judged by a neurologist to display signs or symptoms of an acute stroke upon emergency department (ED) admission, during which the National Institutes of Health Stroke Scale (NIHSS) score was recorded (using the validated German version of this questionnaire [8] ). The exclusion criteria were presentation after 7 days of symptom onset, discharge or transfer to a nonparticipating hospital within 24 hours, death within 24 hours of ED admission, or in-hospital stroke. Thirteen non-German speaking patients were also excluded from enrollment. A total of 471 (mean age 72.6 ± 14.3 years) could not be interviewed because of immediate transfer to another hospital, lack of informed consent, or inability to participate in the interview without any proxies around. The study was approved by the local ethics committee.
A total of 623 patients with suspected stroke were able to participate in the study and consented to faceto-face interviews that were conducted between 24 and 72 hours after hospital admission. The 50-item interview (available at http://www.mosby.com/ AnnEmergMed) captured information on type and course of symptoms, patient's interpretation of symptoms, lifestyle and medical history, help-seeking behavior, awareness about stroke and medication, and socio-demographic factors. In-hospital management data, including final diagnosis, were collected by chart reviews after the patient had been discharged. The final diagnosis was based on neurological assessment and imaging. The diagnosis of stroke was determined as "a clinical syndrome characterized by rapidly developing clinical signs of focal or global loss of cerebral function, lasting more than 24 hours or leading to death, with no other apparent causes other than of vascular origin" [9] , while a diagnosis of transient ischemic attack (TIA) followed the definition of "a neurological symptom of vascular etiology that resolved within 24 hours" [10, 11] . The neurologist's initial diagnosis of stroke on ED admission was changed after thorough investigation in 65 patients (10%), who were subsequently excluded from the analysis. The final diagnoses in these patients were mainly other neurological diseases, such as epileptic seizures with history of stroke, multiple sclerosis, neuritis vestibularis, myasthenia gravis, and Miller-Fisher syndrome. The study population therefore comprised 558 patients with confirmed stroke and baseline interview. This group received a follow-up postal questionnaire 12 months after hospital admission regarding resource utilization and absenteeism from work, which was to be completed by the patient or carer. A reminder was sent after 4 weeks if there was no reply; thereafter, the patient was contacted by telephone. One hundred seventy-five patients did not respond to the follow-up form, of which 96 could not be contacted by the local residents' registration office, 28 were not willing to participate, and 51 died. Direct costs were subsequently calculated by multiplying medical resource units used with cost per unit, while indirect costs (productivity loss of the labor-force participants) were calculated by multiplying days off work or days of early retirement with the average cost factor per day ( Table 1) . A subanalysis was completed by stratifying the data according to the presence of confirmed AF. The time horizon of the study was 1 year.
Baseline variables were compared between groups using appropriate statistical tests. Socioeconomic sta- tus was measured via length of education and gainful employment. Resources used were compared with the chi-square test, while costs were compared with the Mann-Whitney U-test because of non-normal distribution of data. Cost data were analyzed in three ways: unadjusted, adjusted for confounding factors, and adjusted for confounding factors on a logarithmic scale (to test the impact of skewed data). These adjustments were completed given the importance of confounding factors in this patient population and were carried out using general linear model (GLM) analysis. All baseline sociodemographic and clinical characteristics reported in Table 2 were initially included, tested for interaction, and consecutively excluded based on statistical significance. As the severity of stroke could also be considered a result of the presence of AF, we performed the adjustment both including and excluding the severity variable from the NIHSS score. No adjustment for multiple testing was performed. All statistical analyses were performed with SAS version 8.1 (SAS Institute, Inc., Cary, NC). Costs are presented in euros (€)-exchange rate: €1 = $1.32 (January 2005).
Results

Patient Characteristics
A total of 558 patients with confirmed stroke were interviewed (mean age 66.8 years; mean NIHSS score 5.0). ECG findings were available for 531 (95%) patients. AF was diagnosed in 116 patients (22%). A total of 383 patients (69% of total population) filled out the follow-up questionnaire at 12 months after hospital admission, of whom 16 had missing baseline ECG information. Of the remaining 367 patients, 71 (19%) had AF. Overall, patients with AF were generally older, more likely to be female and living alone, had more frequent comorbidity and prior stroke, and experienced more severe strokes than those without AF ( Table 2) . Patients with AF were also less likely to be gainfully employed than non-AF patients (2 (31%) of 71 patients and 87 (30%) of 294 patients, respectively).
Resource Use and Costs
Resource use, stratified according to AF status and for all patients combined, is shown in Table 3 . Overall, stroke patients with AF tended to consume more resources than non-AF patients, including longer lengths of hospital stay and increased use of nursing care. Of those 65 patients with medication a total of nine (13%) patients with AF had received anticoagulation therapy before the stroke event, of which six (8%) patients were receiving such treatment for secondary prevention.
Direct and indirect costs, stratified according to AF status and for all patients combined, are shown in Table 4 . Overall, total direct costs were approximately €3000 higher in patients with AF-related strokes (P < 0.001), and this was primarily driven by significantly increased costs for acute hospital treatment and nursing care at home. The percentage of direct-cost components for AF and non-AF patients is shown in Figure 1 . Total indirect costs were significantly higher for non-AF patients than for those with AF (P < 0.001), and work absenteeism was the major cost driver in this regard (Table 4 ). Further statistical analysis of the cost data was completed, adjusting for confounding factors such as age, sex, TIA, number of comorbidities, and with and without NIHSS score (the logarithmic GLM adjustment analysis provided no different results and is not further reported). The GLM procedure indicated that, in addi- tion to the latter variables, the interaction between AF and both sex and comorbidity had an impact for some cost variables (Table 5 ). Despite adjustments for various potentially confounding factors, acute hospitalization costs were still significantly higher in patients with AF than in the non-AF group (P < 0.05) ( Table 5 ).
Discussion
The results of the present study, conducted at four German hospitals in a large metropolitan area and with patient-and/or carer-reported feedback, show that the direct and indirect costs of stroke during a 12-month period are considerable. The largest contributors to the total direct costs were initial hospital stay (49%) and rehabilitation (16%), while indirect costs due to loss of productivity accounted for 18% of the total costs. Furthermore, the present article shows that the burden of stroke, with regard to resource utilization and the resulting costs, differs according to AF status. Indeed, patients with AF tended to experience more severe strokes (in terms of higher NIHSS score), giving rise to significantly increased costs for acute hospitalization. This significant difference was somewhat unexpected and may reflect perhaps a more intense and prolonged level of care. This difference remained after adjustments for age, gender, stroke type, prior stroke, number of comorbidities, and stroke severity. Total indirect costs due to productivity loss per patient for AF-related strokes were lower than for non-AF related strokes. This difference, however, may be somewhat of an artifact as the non-AF patients, on average, were about 10 years younger and with 87 of a total of 294 non-AF patients more likely to be in gainful employment compared with 2 of 71 total AF patients. Consequently, the information value with regard to indirect costs is limited.
Comparison with Other Studies
According to Weimar et al. [13] , the mean hospitalization cost of patients with ischemic stroke in Germany is €4749, which is in line with the mean cost of acute hospitalization in the present study (€4620). Similar findings are apparent for comparative costs of outpatient care (€2444) and inpatient rehabilitation (€1633). There is a limited amount of data on resource use and costs in patients with AF-related strokes [6] . One Danish study, by Jørgensen et al. [14] , compared outcomes data in stroke patients with and without AF and showed that patients with AF-related stroke had a 20% increase in hospital stay and a lower discharge A B rate to their own homes (both P < 0.001). Nevertheless, the influence of AF became insignificant when the severity of stroke (as determined by the Scandinavian Stroke Scale) was included in the analysis. Sex was an important confounding factor in the present analysis. This is in accordance with the findings of Ghatnekar et al. [15] , who reported that stroke costs in Sweden were generally higher in women than in men.
Underuse of Prevention Therapy
Many of the patients with AF in the present study would be candidates for oral anticoagulation therapy, either because of prior stroke or in view of their risk profile and the need for primary stroke prevention. Only 13% of patients with AF, however, had received anticoagulation therapy before the stroke event. This is consistent with reported underuse of oral anticoagulation for stroke prophylaxis both in Germany [16] and elsewhere [17] , and reflects the fact that numerous barriers exist to the effective and safe use of such therapy, including the risk of bleeding and inconvenience [18] .
Although we do not have information on possible reasons for failure to use oral anticoagulation in the present study population of patients with AF-related strokes, it is reasonable to assume that some of the events (and therefore resources and costs) in this reallife population could therefore have been avoided with effective anticoagulation.
Limitations of the Study
The exclusion criteria restricted the studied population to the German-speaking population staying in the admission hospital and surviving the initial 24 hours after admission, as the study setting did not allow for follow-up in other hospitals. This might have introduced a bias toward higher costs as the deceased patients consumed less resources. The present study was based on a detailed interview with the patient (and/or a carer) that was carried out within 72 hours of ED admission for acute stroke. Consequently, some selection bias was inevitable, not only because some patients were unwilling to participate but also because it was difficult to obtain interview information in some patients (e.g., because of severe stroke and/or aphasia). Indeed, the inability of certain patients to participate probably explains why nonresponders were characterized by more severe strokes than the interviewed population (see Table 2 ). Given that more severe strokes tend to be more costly [19] , this bias might have resulted in an underestimation of the cost of stroke in the present study. However, those having died during the last 12 months might have consumed fewer resources. Similarly, we relied on patient and/or carer recall of resource utilization at 12 months after hospitalization, which may have also introduced a bias toward under-reporting. However, the key cost drivers were acute hospitalization and hospital readmissions (together accounting for about 60% of total costs), the data for which were provided empirically via patient records. Future studies should perhaps try to map resource use on a more frequent basis.
Discharge from hospital to a residential or nursing facility (in view of functional impairment and dependency), rather than the patient's home, can significantly increase the cost of postacute stroke care. Although such costs accounted for less than 10% of total costs in the present analysis, this can be explained by the fact that resource use was only captured for the first 12 months after hospitalization for stroke. The full picture therefore will only arise after several years of follow-up. It is also important to consider that even if the patient returns home, this can be associated with a great deal of unpaid informal care and financial burden on family members [20] , an aspect that was not captured in the present study. This issue may be especially relevant to health-care systems where poststroke rehabilitation services and institutional care are not formally provided.
Another important consideration is that we only studied patients who were alive after 12 months. We have no information as to resource use for those who died within 12 months of the stroke event (31 (7.5%) of 415 patients and 19 (16.4%) of 116 patients) of non-AF and AF patients, respectively, as the burden to patients and carers because of follow-up contacts should be reduced to a minimum. Selective survival of non-AF patients, however, may have occurred and biased the results.
Conclusion
Patients admitted to hospital in Germany with acute stroke use significant health-care resources that, in turn, account for a considerable economic burden. Medical care for stroke patients with AF is associated with higher costs compared with those without AF; this is explained mainly by confounding factors and driven essentially by a significant difference in acute hospitalization costs.
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